SLC17A1 protein (NPT1) is the first identified member of the SLC17 phosphate transporter family and mediates the transmembrane cotransport of Na ؉ /P i in oocytes. Although this protein is believed to be a renal polyspecific anion exporter, its transport properties are not well characterized. Here, we show that proteoliposomes containing purified SLC17A1 transport various organic anions such as p-aminohippuric acid and acetylsalicylic acid (aspirin) in an inside positive membrane potential (⌬)-dependent manner. We found that NPT1 also transported urate. The uptake characteristics were similar to that of SLC17 members in its Cl ؊ dependence and inhibitor sensitivity. When arginine 138, an essential amino acid residue for members of the SLC17 family such as the vesicular glutamate transporter, was specifically mutated to alanine, the resulting mutant protein was inactive in ⌬-dependent anion transport. Heterologously expressed and purified human NPT1 carrying the single nucleotide polymorphism mutation that is associated with increased risk of gout in humans exhibited 32% lower urate transport activity compared with the wild type protein. These results strongly suggested that NPT1 is a Cl ؊ -dependent polyspecific anion exporter involved in urate excretion under physiological conditions.
arginine 138, an essential amino acid residue for members of the SLC17 family such as the vesicular glutamate transporter, was specifically mutated to alanine, the resulting mutant protein was inactive in ⌬-dependent anion transport. Heterologously expressed and purified human NPT1 carrying the single nucleotide polymorphism mutation that is associated with increased risk of gout in humans exhibited 32% lower urate transport activity compared with the wild type protein. These results strongly suggested that NPT1 is a Cl ؊ -dependent polyspecific anion exporter involved in urate excretion under physiological conditions.
The kidney plays a principle role in the excretion of organic anions including metabolites and xenobiotics. This excretion occurs transcellularly across renal tubular epithelial cells via two distinct transport systems. On the basolateral membrane, the OAT1 (organic anion transporter 1) and the organic anion transporter 3 (OAT3) may actively take up p-aminohippuric acid (PAH), 2 a typical substrate of organic transport systems through exchange of intracellular dicarboxylates such as ␣-ketoglutarate (1) (2) (3) (4) . Organic anions are then excreted from the apical membrane into urine. Although this step is mediated through voltage-driven organic anion transporter(s), the molecular nature and the precise functional properties of this efflux system(s) is far less understood (1) (2) (3) (4) .
SLC17A1 protein (NPT1) is the first identified member of the SLC17 type 1 phosphate transporter family (5) . NPT1 is expressed in the apical membrane of renal tubular cells and mediates Na ϩ and inorganic phosphate cotransport when expressed in oocytes (5) (6) (7) . Oocytes expressing rabbit NPT1 also take up neutral red and benzylpenicillin (7) . HEK293 cells expressing human NPT1 (hNPT1) take up various organic anions such as PAH (8) . Oocytes expressing the pig SLC17A1 ortholog, OATv1, also exhibit electrogenic entry of PAH (9) . Based on these observations, NPT1 is believed to be the voltage-driven organic anion transporter itself (8, 9) . However, the direction of the transport of organic anions measured in these studies is opposite to that expected under physiological conditions, and the ⌬-driven uptake of organic anions by either NPT1 or OATv1 was not reported. Thus, it is still unclear whether NPT1 acts as a voltage-driven polyspecific anion exporter.
In addition to SLC17A1, eight other transporters belong to the SLC17 family (5, 10) . SLC17A2, -A3, and -A4 are the orthologs of SLC17A1 (5) . SLC17A5 protein is a biphasic transporter. When present in lysosomes, it acts as a H ϩ /sialic acid cotransporter (sialin) and when present in synaptic vesicles, it acts as a vesicular excitatory amino acid transporter (VEAT) (11) . Proteins encoded by SLC17A6, -A7, and -A8 are vesicular glutamate transporters (VGLUT), and SLC17A9 protein is a vesicular nucleotide transporter (VNUT) (5, 10) . VGLUTs, VEAT, and VNUT all take up the respective anionic substrates in a ⌬-dependent manner. Furthermore, they all require Cl Ϫ for the transport activities and are highly sensitive to DIDS and Evans blue. Arg 184 of VGLUT2, a charged amino acid residue in the transmembrane regions conserved in all members, which corresponds to Arg 138 of NPT1 (supplemental Fig. S1 ), is essential for their transport activity (5, 10 -12) . Hence, it is reasonable to assume that NPT1 also shares these properties and acts as a voltage-driven polyspecific anion exporter. Very recently, SNP in human SLC17A1 was found to be associated with the development of gout (13, 14, 15 to determine whether urate is a substrate for NPT1 and if so, whether the SNP mutant exhibits decreased urate transport activity.
We have investigated these issues using proteoliposomes containing purified NPT1. Here, we show that NPT1 is a ⌬-driven, Cl Ϫ -dependent, and polyspecific anion transporter. Our quantitative studies show that NPT1 is a urate exporter and that the SNP mutant possesses a decreased urate transport activity.
EXPERIMENTAL PROCEDURES
cDNA-cDNA of mouse SLC17A1 (accession no. BC013445) was cloned by PCR. cDNA of human SLC17A1 (accession no. NM_005074.3) was a gift from Dr. Toshihisa Ishikawa (RIKEN, Japan).
Expression of NPT1-Recombinant baculoviruses containing wild type and mutant mouse NPT1 cDNA were constructed using the Bac-to-Bac baculovirus expression system (Invitrogen) according to the manufacturer's protocol. NPT1 cDNA was amplified by PCR using the primers 5Ј-CACCATGGAGA-ACCAGTGCCTCCC-3Ј and 5Ј-CTTTATTTTTGGTGTGC-TGACACT-3Ј for mouse NPT1 or 5Ј-CACCATGCAAATGG-ATAACCGGTTG-3Ј and 5Ј-TCAGAGACGTGTGTGTTGT-TTTTCTTTA-3Ј for hNPT1 and ligated into a pENTR/D-TOPO vector. hNPT1 cDNA was transferred from the pENTR/ D-TOPO vector to a destination vector and named pDEST10-hNPT1. The resulting cloned hNPT1 gene also encoded an N-terminal His 6 tag. DH10Bac cells carrying bacmid DNA were transformed with pDEST10-hNPT1. Recombinant bacmid was isolated from DH10Bac cells and used for transfection of Sf9 insect cells to generate recombinant baculoviruses. Sf9 cells were used for expression of NPT1 protein. Sf9 cells (6 ϫ 10 6 cells/10 cm dish) were grown in complete Trichoplusia ni Medium-Formulation Hink (TNP-FH) medium (Invitrogen) supplemented with 10% fetal bovine serum, 0.25 g/ml Fungizone, and 100 g/ml penicillin-streptomycin at 27°C. Sf9 cells were infected by recombinant baculoviruses at a multiplicity of infection of one and cultured a further 72 h. Afterward, the cells were harvested for membrane preparation.
Mutagenesis-The R138A mutation of mouse NPT1 was introduced into pDEST10-NPT1 by PCR. The sequence was confirmed by nucleotide sequencing. The following primers were used: R138A, 5Ј-GTGTGTGCTGTACTGCAGGG-3Ј (forward) and 5Ј-AGGTATTATAGACCCTCGTTATAGG-3Ј (reverse). To generate the hNPT1 mutant, T269I, we performed site-directed mutagenesis using the QuikChange sitedirected mutagenesis kit (Stratagene) according to the manufacturer's instructions. The mutagenic oligonucleotide primers for generation of T269I were 5Ј-GTCTGGGCTATTTCCAC-CGGCAGTTTTACTTTTTTC-3Ј (forward) and 5Ј-GAAA-AAAGTAAAACTGCCGGTGGAAATAGCCCAGAC-3Ј (reverse).
Purification-Insect cells (2ϳ3 ϫ 10 8 cells) were suspended in 20 ml of buffer consisting of 20 mM Tris-HCl (pH 8.0), 0.1 M sodium acetate, 10% glycerol, 0.5 mM dithiothreitol, 10 g/ml pepstatin A, and 10 g/ml leupeptin and disrupted by sonication with a TOMY UD-200 tip sonifier. Cell lysates were centrifuged at 700 ϫ g for 10 min to remove debris, and the resultant supernatant was centrifuged at 160,000 ϫ g for 1 h. The pellet (membrane fraction) was suspended and solubilized in 6 ml of buffer containing 20 mM MOPS-Tris (pH 7.0), 10% glycerol, 2% octylglucoside, 10 g/ml pepstatin A, and 10 g/ml leupeptin at ϳ10 mg protein/ml. After centrifugation at 260,000 ϫ g for 30 min, the supernatant was added to 1 ml of nickel-nitrilotriacetic acid Superflow resin (Qiagen) and incubated for 4 h at 4°C. The resin was washed with 20 ml of 20 mM MOPS-Tris (pH 7.0), 5 mM imidazole, 20% glycerol, and 1% octylglucoside in a column. NPT1 was eluted from the resin with 3 ml of the same buffer containing 60 mM imidazole. The eluate containing purified NPT1 was stored at Ϫ80°C, where it was stable without loss of activity for at least a few months. The purity of the purified NPT1 was Ͼ80% with yield of 70%.
Reconstitution-Reconstitution of purified recombinant NPT1 into liposomes was carried out by the freeze-thaw method described previously (12) . In brief, 20 g NPT1 was mixed with liposomes (0.5 mg lipid; see below), frozen at Ϫ80°C, and left at this temperature for at least 10 min. The mixture was thawed quickly by holding the sample tube in the hands. After thawing, the mixture was diluted 30-fold with reconstitution buffer (20 mM MOPS-Tris (pH 7.0), 0.15 M sodium acetate, 5 mM magnesium acetate, and 0.5 mM dithiothreitol). Proteoliposomes were sedimented by centrifugation at 200,000 ϫ g for 1 h at 4°C and suspended in 0.2 ml of 20 mM MOPS-Tris (pH 7.0) containing 0.1 M potassium acetate and 5 mM magnesium acetate. The mixture was homogenized until clear and divided into small aliquots. Under the condition, ϳ50% NPT1 incorporated into liposomes exhibited right-side orientation as assessed with protease digestion as described previously (12) . Yield of NPT1 from the membrane was ϳ70%.
Transport Assay-Proteoliposomes (0.4 g protein/single assay) were suspended in 20 mM MOPS-Tris (pH 7.0), 5 mM magnesium acetate, 4 mM KCl, and 0.15 M sodium acetate and incubated for 3 min at 27°C. Valinomycin as a solution in DMSO was added to give a final concentration of 2 M, and the mixture was incubated for a further 2 min. The assay was initiated by addition of 100 M p-[glycyl- 2- 3 H] PAH (0.6 MBq/ mol), [8- 14 C]urate (0.05 MBq/mol), carboxyl-14 C-labeled aspirin (0.05 MBq/mol) or 7-14 C-labeled salicylate (0.05 MBq/ mol); 120 l aliquots were taken at the times indicated and centrifuged through a Sephadex G-50 (fine) spin column at 760 ϫ g for 2 min (16) . Radioactivity in the eluate was measured by a liquid scintillation counter.
For Cl Ϫ transport, the reaction mixture containing 20 mM MOPS-Tris (pH 7.0), 5 mM magnesium acetate, 10 mM PAH, 0.15 M potassium acetate, 2 M valinomycin, and 10 mM radioactive 36 Cl Ϫ (740 MBq/g, American Radiolabeled Chemicals Inc.) was preincubated for 3 min at 27°C. Proteoliposomes containing NPT1 (0.5 g protein per assay) were added to the mixture to initiate the reaction and incubated for a further 1 min. Aliquots (130 l) were taken at the times indicated and centrifuged through a Sephadex G-50 (fine) spin column at 760 ϫ g for 2 min. Radioactivity in the eluate was measured. Essentially the same protocol was used for Cl Ϫ transport by vesicular GABA transporter (VGAT)-containing proteoliposomes, except that 10 mM GABA was included in the assay mixture.
Purification and Reconstitution of Other Transporters-VEAT, VGLUT2, VNUT, and VGAT were purified, reconsti- tuted into proteoliposomes, and assayed according to the published procedures (10 -12, 17) .
NPT1 Is a Cl
Measurement of ⌬-⌬ were measured by radioisotope distribution (17) . Proteoliposomes were incubated in the standard assay condition in the presence of 20 M [
14 C]SCN for 3 min, and the internal concentration of [ 14 C]SCN was quantified as described. Internal volume of proteoliposomes were determined by measuring of exclusive volume with [ 14 C]mannitol. Then, ⌬ was calculated following formula:
where R is the gas constant, T is the absolute temperature, and F is the Faraday constant.
Miscellaneous Procedures-Polyacrylamide gel electrophoresis in the presence of SDS and Western blotting were performed as described (18) . Protein concentration was assayed using bovine serum albumin as a standard (19) .
Data Analysis-All numerical values are shown as the mean ϩ S.D. (n ϭ 3-6). Statistical significance was determined by Student's t test.
RESULTS

NPT1
Is a ⌬-driven PAH Transporter-As the first step of the study, we established a simple assay for NPT1. Wild type mouse NPT1 was expressed in insect cells, solubilized, purified, and reconstituted into asolectin liposomes according to a procedure published previously (10 -12, 17) . The degree of purification in the reconstituted liposomes was confirmed by SDS-PAGE followed by staining with Coomassie Brilliant Blue (Fig.  1A) . The proteoliposomes contained a polypeptide with 56 kDa as a major protein, which was confirmed by silver staining (supplemental Fig. S2 ).
The reconstituted proteoliposomes were trapped with Na ϩ . Addition of valinomycin generated a K ϩ diffusion potential of ϳϪ90 mV (positive inside) across the liposome membrane as revealed by the distribution of radiolabeled SCN Ϫ and facilitated PAH uptake (Fig. 1B) . In the absence of valinomycin, ⌬ did not form, and little uptake was observed (Fig. 1B) . Control liposomes lacking SLC17A1 exhibited only background level uptake (Fig. 1B) . The valinomycin-evoked PAH uptake exhibited dose-dependence with apparent K m and V max values of 1.1 mM and 90 nmoles/min/mg protein, respectively (Fig. 1C) . Neither inside acidic pH gradient nor inside negative ⌬ facilitated PAH uptake (Fig. 1D) . Furthermore, we specifically mutated Arg 138 to alanine. The mutant NPT1 was heterologously expressed, purified, and reconstituted using the procedure of wild type protein (Fig. 1A) . We found that the R138A mutant was devoid of ⌬-dependent PAH uptake activity (Fig. 1B) . These results suggested that NPT1 acted as a ⌬-driven PAH transporter and that Arg 138 is important for PAH transport activity. These results also clearly indicated that cross-contaminating protein, if any, did not contribute to the PAH uptake.
NPT1 Is a Cl Ϫ -dependent Polyspecific Anion TransporterSubsequently, we asked whether NPT1 shared transport properties with other SLC17 members. We found that NPT1-mediated ⌬-driven PAH uptake requires Cl Ϫ . In the absence of Cl Ϫ in the assay mixture, essentially no transport activity was detected ( Fig. 2A) . Transport activity appeared at ϳ2 mM Cl Ϫ increased with increasing Cl Ϫ concentration and reached a plateau above 4 mM. Similar activation was observed by Br Ϫ (Fig.  2B) . I Ϫ and F Ϫ were slightly effective, whereas nitrate, sulfate, or thiocyanate were not (Fig. 2B) . We then tested whether Cl Ϫ protected DIDS-mediated inactivation because Cl Ϫ competes with DIDS in VGLUT, suggesting the same binding site(s) for Cl Ϫ and DIDS (12, 16, 17) . We found that DIDS strongly inhibited ⌬-dependent PAH uptake with an ID 50 of 5 M (Fig. 2C) . Preincubation with 0.1 M Cl Ϫ prevented DIDS-evoked inactivation (Fig. 2C ). This effect was not observed when Cl Ϫ was added after DIDS treatment (Fig. 2D) .
The substrate specificity of NPT1 also was investigated. The cis-inhibitory profile indicated that PAH uptake was inhibited by acetylsalicylic acid (aspirin) and salicylate but not indomethacin, ibuprofen, diclofenac, etodolac, and mefenamic acid, suggesting that NPT1 recognized various anionic species as transport substrates (Table 1) . Consistent with these observations, NPT1 transported aspirin with the K m and V max of 1.9 mM and 100 nmol/min/mg protein, respectively (Fig. 3, A and  B) . The R138A mutant did not transport aspirin (Fig. 3A) . Similar to PAH uptake, Cl Ϫ was required for activity, and DIDS inhibited the activity (Fig. 3, C and D) . Similar uptake of radiolabeled salicylate was also observed (supplemental Fig. S3 ). These results demonstrated that NPT1 was a polyspecific anion transporter with substrate specificity distinct from those of other SLC17 members. NPT1 did not transport D,L-glutamate, D,L-aspartate and ATP, which are substrates for other SLC17 family members (Table 2) , and vice versa, the other SLC17 members did not transport PAH (Table 3) .
Independence of Na ϩ/ P i Cotransport and Anion ConductanceBecause NPT1 possessed two other transport activities, i.e. the cotransport of Na ϩ /P i and anion conductance (6, 7, 16) , it was important to discriminate mechanistic differences and/or similarities between the two activities and the ⌬-driven anion transport activity. When a Na ϩ gradient was imposed across the liposomal membranes, significant uptake of P i was observed with a K m of 6.3 mM and a V max of 134 nmol/min/mg protein, indicating that NPT1 was actually a Na ϩ /P i cotransporter (supplemental Fig. S4, A and B) . The Na ϩ /P i cotransport did not require Cl Ϫ (supplemental Fig. S4C ). The R138A mutant possessed Na ϩ /P i cotransport activity comparable to that of the wild type protein. DIDS did not affect Na ϩ /P i cotransport (supplemental Fig. S4D ). These properties are completely different from those of ⌬-dependent anion transport (Figs.  2 and 3) .
When NPT1 is expressed in egg oocytes, an extraordinarily large anion conductance was observed (7, 16) . Thus, it is interesting to ask the mechanistic differences and/or similarities between ⌬-dependent anion transport and large anion conductance. It was reported that this anion conductance was relatively specific to Cl Ϫ and highly sensitive to 5-nitro-2-(3-phenylpropylamino) benzoic acid (NPPB) and phenol red but not to DIDS (7) . In contrast, we found that ⌬-dependent PAH transport was highly sensitive to DIDS, but less sensitive to NPPB and phenol red at equivalent concentrations (Fig. 4A) . Moreover, in our system, no ⌬-dependent Cl Ϫ movement was observed in the absence or presence of PAH, indicating that PAH transport was not accompanied by Cl Ϫ movement (Fig. 4B) . Under similar assay conditions, VGAT that is known to cotransport 2 Cl Ϫ and GABA (17), took up radiolabeled Cl Ϫ in the presence of GABA (Fig. 4B ) (17) . Furthermore, only the background level of Cl Ϫ uptake was observed by NPT1-containing proteoliposomes entrapped with PAH at 1 mM (data not shown). Taken together, these results suggested that Na ϩ /P i cotransport, anion conductance, and ⌬-dependent PAH transport shown here were not related to each other.
NPT1 Is a Urate Exporter-Finally, we attempted to identify the physiological substrate(s) of NPT1. Very recently, a SNP of NPT1 was identified that seemed to be related to elevated urate levels and risk of gout through genome-wide association studies (13) . This suggested that NPT1 exports urate. We found that mouse NPT1 transported urate (Fig. 5A) . Like other substrates, the R138A mutant was devoid of ⌬-dependent urate uptake activity (Fig. 5A ). The K m and V max values were 1.1 mM and 149 nmol/min/mg protein, respectively (Fig. 5B) . The ⌬-dependent urate uptake activity required Cl Ϫ and was inhibited by low concentration of DIDS (Fig. 5, C and D) . The cis-inhibitory profile indicated that PAH uptake was inhibited by cold urate (Table 1) , and vice versa uptake of radiolabeled urate was inhibited by PAH, aspirin, and salicylate (Table 4) . P i at 1 mM slightly inhibited urate uptake (Table 4 ). These results suggested that urate shares the same recognition site(s) to those of other substrates.
Because urate is the end product of purine metabolism in humans, it is important to confirm urate transport activity in the human transporter. Therefore, we purified hNPT1 and its T269I SNP mutant associated with elevated urate levels and gout in humans (13) (Fig. 6A ). Identity and similarity of amino acid sequences between hNPT1 and mouse NPT1 are 65.8 and 90.3%, respectively, indicating conserved nature of two proteins (supplemental Fig. S1 ). We found that proteoliposomes containing purified hNPT1 took up urate in a ⌬-mediated manner (Fig. 6, B and C) . Furthermore, hNPT1 exhibited essentially the same transport characteristics with respect to kinetic parameters, substrate specificity, and requirement of Cl Ϫ (Fig. 6 , Table  4 , and supplemental Fig. S5 ). Kinetic analysis indicated that proteoliposomes containing the same amount of T269I mutant proteins as wild type hNPT1 exhibited 46% lowered V max value FIGURE 2. Cl ؊ dependence of ⌬-driven NPT1. A, Cl Ϫ dependence on PAH uptake. The uptake was measured after 1 min in the presence of the indicated concentrations of Cl Ϫ . Part of the potassium acetate in the reaction mixture was replaced with the indicated concentration of KCl. B, anion selectivity. PAH uptake was measured in the presence of 4 mM indicated anions. C, the effect of DIDS on valinomycin (Val)-dependent PAH uptake. DIDS at the indicated concentrations was included in the assay medium. D, protection of PAH uptake by Cl Ϫ against DIDS inactivation. Proteoliposomes were incubated in the buffer containing 4 or 100 mM Cl Ϫ in the presence or absence of 10 M DIDS. After 1 min, valinomycin-evoked PAH uptake was measured. Error bars represent mean Ϯ S.D. (n ϭ 3-6).
TABLE 1 Comparison of cis inhibition of PAH transport by NPT1
NPT1-mediated ⌬-dependent uptake of PAH was measured, and the effects of various compounds were examined as described in the legend to Fig. 1 (Fig. 6 , B and C). It is noteworthy that the T269I mutant also exhibited 41 and 38% decreased PAH and asprin uptakes, respectively. These results indicated that hNPT1 is a urate exporter and hNPT1 possessing the T269I mutation may exhibit decreased urate excretion.
DISCUSSION
Since it was first identified, the transport properties of NPT1 and its orthologs have been characterized using transporterexpressing cultured cells or oocytes. However, an attempt to 
TABLE 2 Uptake of substrates of other SLC17 members by NPT1
NPT1-mediated ⌬-dependent uptake of PAH, glutamate, aspartate, and ATP were measured as described in the legend to Fig. 1 
TABLE 3 Uptake of PAH by SLC17 members
Members of the SLC17 family were purified and reconstituted into liposomes. The ⌬-dependent uptake of 100 M PAH was measured as described in the legend of Fig. 1 elucidate the property as ⌬-driven anion exporter was unsuccessful. Here, we used a simple assay system containing purified NPT1 as the only protein and presented compelling evidence that NPT1 acts as a ⌬-dependent polyspecific anion exporter. The data are consistent with those of the physiologically identified anion transporter (1) (2) (3) (4) . We showed that NPT1 shared transport properties with VGLUTs, VEAT, and VNUT, anion transporting vesicular neurotransmitter transporters, with respect to driving force, anion requirement, and inhibitor sensitivities.
We elucidated three significant characteristics of the NPT1 phenotype. First, we presented direct evidence that NPT1 transports aspirin and salicylate. Although it is known that these compounds are excreted into the kidney, the transporter responsible for their renal excretion remains unclear. Recently, the tetracycline transporter-like protein (TETRAN) was shown to transport indomethacin (20) . Cis-inhibition studies suggest that etodolac and mefenamic acid are also recognized by TETRAN, but not aspirin and salicylate (20) . Thus, it is likely that NPT1 compliments the transport activity of TETRAN, and that both transporters are involved in the renal excretion of nonsteroidal anti-inflammatory drugs.
The second important finding is that there is no direct relationship between ⌬-dependent polyspecific anion transport and anion conductance through NPT1. This issue is of particular significance because this is profoundly related to the unsolved issue of how Cl Ϫ activates VGLUTs, which are essential for glutamatergic neurotransmission. Two groups (including this study) have suggested that Cl Ϫ stimulates VGLUTs upon binding (12, 21, 22) , whereas Takamori and colleagues (23) have proposed recently that VGLUT1 is responsible for Cl Ϫ permeability across the synaptic vesicle membranes through either glutamate/Cl Ϫ cotransport or glutamate/Cl Ϫ antiport. Here, we showed that NPT1 did not transport Cl Ϫ even in the presence of extravesicular or intravesicular PAH, suggesting that Cl Ϫ acts as an allosteric activator of NPT1, and hence, NPT1 is not a Cl Ϫ transporter. Taking mechanistic similarity of NPT1 and VGLUTs, it is probable that Cl Ϫ modulates VGLUTs upon binding (12, 21, 22) . At present, we cannot explain the relationship between Cl Ϫ dependence and large Cl Ϫ conductance upon expression of NPT1 in oocytes. One of the plausible explanations is that the large Cl Ϫ conductance is due to the interaction of NPT1 with oocyte proteins. Further studies will be necessary to clarify the issue.
The most important finding in the present study is that NPT1 is a urate transporter. Urate is an end product of purine metabolism in humans and acts a natural antioxidant with neuroprotective properties (24) . In addition, Watanabe et al. (25) hypothesized that elevated serum urate levels caused by the loss of urate oxidase activity provided a survival advantage because hyperuricemia helped to maintain blood pressure levels under the low salt dietary conditions that prevailed in the middle to late Miocene period. Despite its beneficial role, the elevated serum urate level is associated with several metabolic disorders such as gout and kidney stones in humans (26) . It is known that urate is excreted from renal proximal tubules by at least two distinct transporters, one of which is ABCG2, an ATP-driven ABC-type transporter (27) . The second is an unidentified ⌬-driven anion transporter (28) . The present results clearly indicated that NPT1 corresponded, at least in part, to this unidentified transporter. Decreased transport activities in both proteins are expected to lead to elevated blood urate levels and hence, to increased probability of gout. Consistent with this line of thought, it is known that SNPs associated with decreased activities of ABCG2 also are risk factors for gout (27, 28) . We demonstrated here that the case is the same with NPT1; one SNP associated with gout also was linked to decreased urate transport activity. Collectively, these results support the idea that NPT1 is involved in urate elimination from the body under physiological conditions, and its impairment is linked with occurrence of gout.
In conclusion, we presented evidence that NPT1 is a polyspecific anion exporter that participates in the renal excretion of urate and nonsteroidal anti-inflammatory drugs. Our simple assay is an efficient and highly sensitive procedure to evaluate transport activities of wild type and mutant transporters identified through genome-wide association studies. 
TABLE 4 Comparison of cis inhibition of urate transport by hNPT1
hNPT1-mediated ⌬-dependent uptake of urate was measured, and the effects of various compounds were examined as described in the legend to 
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